Since the introduction of the new concepts of plaque vulnerability and patient vulnerability, many researchers have focused on different biomarkers that can represent predictors for coronary plaque instability. One of the features that characterize the vulnerable coronary plaque is positive remodeling, which can be easily identified by computed tomography angiography, a noninvasive procedure, or by other invasive methods such as intravascular ultrasound. This review aims to describe the assessment of positive remodeling as a marker of coronary plaque instability and the differences between computed tomography angiography and intravascular ultrasound in investigating this new biomarker.
Coronary plaques have been intensively studied by many researchers using imaging techniques to analyze the consistency, location, and functional impact of the stenosis caused by coronary plaques. Thus came the paradigm of the vulnerable plaque that is prone to rupture. 2 Focusing on prevention is of great importance with regards to lowering the costs associated with the treatment of coronary patients, at the same time with decreasing the mortality caused by myocardial infarction. Hence, studying coronary plaques -even if not associated with a high degree of stenosis -may help in identifying vulnerable plaques with high instability degree that can rupture and cause acute coronary syndromes. The imaging techniques used in the assessment of coronary plaques can be invasive and noninvasive. There are advantages and disadvantages to both categories; there are studies stating that invasive imaging procedures provide a superior illustration of the coronary plaques, while other studies indicate the opposite. In order to examine vulnerable coronary plaques, it is necessary to identify the features that indicate a high level of instability, also known as vulnerability indicators.
Vulnerable plaques are characterized primarily by instability and a high risk of rupture, causing acute coronary syndromes. In 1985, Davies et al. identified the ruptureprone plaque as the cause of coronary thrombosis and described the role of increased state of inflammation in the progress of plaque instability. 3, 4 In 1987, Seymour Glagov et al. described the concept of coronary remodeling after studying the left main arteries from 136 hearts obtained from autopsies. Based on histological analysis of the coronary sections, they identified a coronary enlargement in atherosclerotic arteries and named it compensatory enlargement of the coronary artery. They stated that the coronary lumen remains the same until plaque development extends to approximately 40% of the coronary circumference, when positive remodeling stops. 5 In 2000, Virmani et al. identified erosions and calcifications as the mechanisms of thrombosis and associated vulnerable plaques with the presence of thin-cap fibroatheroma (TCFA). 6 Other studies found that vulnerable coronary plaques have a TCFA that often has a necrotic core, positive remodeling, microcalcifications, and intra-plaque hemorrhages. 7 TCFA was described to have a high degree of inflammation due to the pro-inflammatory cytokines secreted as a response to cholesterol crystals, leading to the occurrence of lesions in the fibrous cap. 8 Positive remodeling, as an imaging marker of coronary plaques with high probability of rupture, has raised a lot of questions regarding its mechanism of occurrence, but also regarding the best imaging method to study this feature.
As shown in Figure 1 , there is an enlargement in the coronary artery that represents positive remodeling, a feature present in vulnerable plaques. It consists of a compensatory enlargement of the coronary wall, but also of the lumen, that precedes luminal narrowing. Davies et al. described this phenomenon as a compensatory mechanism, which has the role to decrease adverse events related to vessel obstruction. 9 Burke et al. studied coronary plaques and stated that ruptured plaques had the highest remodeling index, followed by lesions with hemorrhage; they also observed that lesions with total occlusion presented negative remodeling. 10 
CoRonaRy ComputEd tomogRaphy angIogRaphy (Cta) -nonInVasIVE ImagIng
CTA represents a reliable method for the assessment of vulnerable coronary plaques, offering important details regarding plaque features such as the remodeling index and calcium detection. 11, 12 However, this noninvasive procedure cannot provide information regarding the thickness of the TCFA or the size of the necrotic core, nor the presence of inflammation at different sites.
Many researchers have used CTA in order to assess coronary plaques prone to rupture. Motoyama et al. studied the plaque remodeling index and the degree of attenuation of coronary plaques using CTA in 5 patients, and they observed that subjects who presented coronary plaques with a remodeling index higher than 1 and low attenuation lesions developed plaque ruptures during the follow-up period in comparison with patients whose coronary lesions did not present these features. 13 Kröner et al. have evaluated vulnerable coronary plaques using both invasive and noninvasive methods. They found that lesions with positive remodeling, identified on CTA, were associated with a higher prevalence of TCFA and a higher amount of necrotic core seen on virtual histology intravascular ultrasound (VH-IVUS). 14 Similar results were found by Fuster et al. in their study, where the histological findings confirmed that vulnerable plaques presenting positive remodeling on CTA have a large necrotic core with macrophage infiltration. 15, 16 Schmid et al. have shown the usefulness of CTA in the appraisal of unstable coronary plaques, thus offering a precise characterization of the compensatory enlargement of the vessel. 17 InVasIVE appRoaCh -Could It bE thE most pRECIsE appRoaCh?
One of the invasive methods used to describe coronary positive remodeling is IVUS, which became intensively studied recently. Being an invasive procedure, it involves certain risks that the clinician and the patient should consider, but also high costs. IVUS plays an important role in the assessment of coronary plaque morphology and characteristics, providing information about the arterial wall. Nissen et al. emphasized the potential benefit of IVUS: it is able to differentiate stable coronary plaques from those prone to rupture and provides information regarding vascular remodeling features. 18 Yamagishi et al. studied the morphology of vulnerable coronary plaques using IVUS in 112 patients with chest pain and indication for coronary catheterization. They performed invasive angiocoronarography, and all coronary lesions with a stenosis smaller than 50% were examined with IVUS. Using the information offered by IVUS, they concluded that patients who experienced an acute coronary syndrome had an eccentric plaque distribution. 19 Raffel et al. examined coronary plaques using IVUS and OCT and found that positive remodeling was associated with coronary plaques characterized by TCFA. This in vivo study showed the benefits of invasive imaging in detecting the positive remodeling feature of coronary vessels. 20 
ConClusIon
Positive remodeling represents an important feature of unstable coronary plaques, and its early detection can prevent the rupture of the plaque, avoiding an acute coronary syndrome. Both invasive and noninvasive techniques can assess this feature, thereby providing vital information regarding the coronary artery wall.
